study question: Does the length of time during which embryos are cultured in vitro affect the birthweight of the infants? summary answer: The duration of the embryo culture period is a significant factor in determining the birthweight of the infants. what is already known: IVF children show adverse perinatal outcome when compared with the general population and increased incidence of preterm birth and low birthweight is commonly observed. participants, setting, methods: All singleton IVF children were included. The gestation-and gender-adjusted birthweights of the babies were analyzed according to mother's age, BMI, and parity, type of treatment (IVF or ICSI), main cause of infertility and embryo culture period. Two outcomes were investigated: the birthweight and the proportion of small and large for gestational age (SGA and LGA) infants. Multiple linear regression analysis was performed to show the significance of each individual factor on determining the birthweight of the babies born.
Introduction
Since the birth of the first IVF baby in 1978, close to 4 million IVF infants have now been born. Several reports and meta-analyses have been published focusing on the perinatal outcome of children born after IVF treatment. In general, the infants are healthy but when compared with spontaneously conceived pregnancies, an increased risk for preterm birth and low birthweight is commonly observed (Helmerhorst et al., 2004; Jackson et al., 2004; McGovern et al., 2004; McDonald et al., 2009; Pelkonen et al., 2010; Sazonova et al., 2011) . While the poorer outcome is partially connected to higher incidence of twin pregnancies, singleton IVF babies also have more adverse outcomes than singletons in the general population (Helmerhorst et al., 2004; Pelkonen et al., 2010; Sazonova et al., 2011) . Interestingly, the risk for preterm birth and the mean birthweight of children born after frozen embryo transfer seem to be closer to the general population than those after fresh embryo transfer (Wennerholm et al., 2009; Pelkonen et al., 2010; Pinborg et al., 2010) .
Small and large for gestational age (SGA and LGA, respectively) are usually defined as ,10th percentile (SGA) or .90th percentile (LGA) for the gestational age when compared with a reference such as national birth registry data sets. In some studies, low birthweight and SGA have been associated with increased risk for adulthood chronic diseases, including hypertension and cardiovascular disease (Barker et al., 2009) . On the other hand, LGA children remain taller and heavier throughout childhood and there is some evidence of the connection between LGA and adulthood obesity (Dietz, 1994; Parsons et al., 1999) . In some reports on neonatal outcomes after IVF treatment, the proportion of SGA babies increased after fresh embryo transfer compared with the general population (Helmerhorst et al., 2004; Jackson et al., 2004; Källen et al., 2005a,b; McDonald et al., 2009) .
Possible factors affecting intrauterine growth are many. Pregnancy-induced hypertension, pre-eclampsia and gestational diabetes are medical conditions known to interfere with fetal growth. Of the environmental factors, at least smoking and maternal malnutrition have been shown to reduce the growth rate (Swanson et al., 2009) . Recent findings have indicated that also in vitro culture period involved in human IVF treatments and in vitro reproduction in animals may influence embryonic growth potential (FernandezGonzalez et al., 2004; Dumoulin et al., 2010) . Typically, mouse embryos cultured in the presence of serum show a significant reduction in their intrauterine growth rate (Khosla et al., 2001; Fleming et al., 2004) , while in ruminants, the exposure of the embryos to distinct culture conditions may lead to large offspring syndrome characterized by large size of calves and abnormalities in the function and the size of the organs (Fleming et al., 2004) .
In humans, few studies have been published comparing the effect of the culture period on the perinatal outcome. Small increases in risks for preterm birth and congenital malformations have been reported after blastocyst transfers (Källen et al., 2010) , while other studies have not found significant differences between cleavage stage and blastocyst stage transfers (Fernando et al., 2012) . Interestingly, the offspring sex ratio seems to be skewed toward male after blastocyst transfer and also, a small increase in monozygotic twinning rate has been observed (Chang et al., 2009) .
The aim of this study was to analyze the proportions of SGA and LGA babies after IVF and ICSI in relation to the embryo culture period of Days 2 and 3 cleavage stage embryos and blastocyst stage embryos, respectively, and to different maternal background factors.
Materials and Methods
We analyzed retrospectively all the reported singleton live births after fresh embryo transfer between 2000 and 2010 from IVF and ICSI treatments performed at the Family Federation of Finland Helsinki Clinic. A total of 1079 live births with documented single heartbeats were included. Of those, 14 were vanishing twins with a visible second sac at early stage of pregnancy. All statistics were calculated including the vanishing twins. Infants born using donated oocytes were excluded from the study.
Live births were analyzed according to the age, BMI and parity of the mother, main cause of infertility, method of fertilization (IVF or ICSI) and time in culture. Cleavage stage embryos were transferred on Day 2 or on Day 3 after oocyte retrieval and blastocyst stage embryos on Day 5 or 6. The final data contained 1079 singleton live births; 790 after IVF and 289 after ICSI. Of these, 871 resulted from Day 2, 139 from Day 3 and 69 from Day 5 or 6 embryo transfer. Other variables analyzed included gestational age, birthweight and gender of the newborn (Table I) .
Ovarian stimulation was carried out using either GnRH-agonist or -antagonist protocols. Oocyte retrieval was scheduled when the leading follicle or follicles were at least 17 mm in diameter. The oocyte retrieval was performed using ultrasound-guided transvaginal aspiration of all large follicles. Luteal support was provided via vaginal micronized progesterone during 14 days after embryo transfer.
Embryo cleavage medium IVF Universal Media (Origio/Medicult, Copenhagen, Denmark) was used until 2007 and since then Vitrolife (Göteborg, Sweden) G-series (G-1 Plus/G-2 Plus) medium system was used. For blastocyst cultures (Day 5 or 6) BlastAssist, EmbryoAssist/ BlastsAssist and ISM-1/BlastAssist sequential media (Origio/Medicult, Denmark) systems were used according to the manufacturer's' instructions. Both open and droplet culture methods were used during the study period.
As a reference data for calculating SGA and
LGA threshold values, we used the latest available publication on Finnish national birthweights at distinct gestational ages including standard deviations (Pihkala et al., 1989) .
To demonstrate the differences between the different culture period groups (Table II) , we calculated a standard deviation score (SD score, also known as Z-score) for each newborn using the equation Embryo culture induced fetal growth
s where x is the weight of a child, m the national mean weight of the babies born at the same gestational age and gender (reference group) and s the standard deviation of the reference group. The SD score gives a numeric score for each child indicating how far from the reference group mean they were located in SD units. For example, a boy child born at gestation week 35 and weighing 3050 g would have an SD score +1.0623 demonstrating that he would be 1.0623 SD units heavier than the average Finnish boy born at 35 gestation weeks (the mean weight of Finnish boys at 35 weeks is 2692 g with SD 337; Pihkala et al., 1989) .
Statistical analysis
One-way analysis of variance (ANOVA) with Scheffe as a post hoc test was used to test the differences in absolute as well as in gender and gestational age-adjusted (SD-score) weights between the D2, D3 and D5/6 embryo transfer groups (Table III) . The odd ratios (ORs) and adjusted ORs (AORs) for SGA and LGA for factors shown in Table IV were calculated by logistic regression analysis. For AOR, the potential confounders included in the model were mother's BMI, main cause of infertility, fertilization method, gender of the newborn and embryo culture period, age of the mother and gestational age. To verify the statistical significance of the contribution of the all evaluated factors on birthweight (Table V) , we performed a multiple linear regression analysis using the birthweight as a dependent variable. Fixed factors tested were mother's BMI (clustered in three groups as shown in Table I ), main cause of infertility (clustered in four groups as shown in Table I ), fertilization method (IVF or ICSI), embryo culture period (D2, D3 and D5/6) and gender of the newborn. Scale of measure for all the fixed factors was nominal. Gestational age and age of the mother were used as continuous factors. The statistical analyses were performed using SPSS IBM software version 20. Differences were considered significant at the level of P , 0.05.
Results
The main maternal and perinatal characteristics are shown in Table I . A total of 1079 singleton babies born after fresh embryo transfer were included in the study. The mean birthweight of all infants was 3492 g. To examine if singleton children born after IVF/ICSI treatment in our clinic had a skewed relative weight distribution pattern, we calculated SGA and LGA values for each newborn and analyzed their proportions according to several independent patient-or treatment-related factors. SGA and LGA were defined as 10th and 90th percentiles giving expected values of 10% for SGA, 80% for AGA (appropriate for gestational age) and 10% for LGA babies. Table II shows the number and proportions of SGA and LGA infants according to the treatment and maternal characteristic. In the whole study group, the proportions of SGA and LGA babies were 9.2 and 10.3%, respectively. Neither the method of fertilization (IVF or ICSI) nor the main cause of infertility had any effect on SGA/LGA distribution (logistic regression analysis, data not shown). As expected, the effect of the BMI of the mother on the SGA/LGA distribution was evident. If BMI was ,20, the proportion of LGA babies was 5.7%, while among mothers with BMI .25, the proportion of LGA was significantly higher at 17.7% (P ¼ 0.001 when compared with BMI , 20 or BMI 20-25; logistic regression analysis). The proportion of SGA babies was not remarkably higher or lower in any of the BMI groups. When the children were analyzed according to the parity of the mother, a skewed distribution of the SGA and LGA babies was observed. Children born to primiparous women were equally AORs were obtained after stratification for fertilization method, age of mother, mother's BMI, main course of infertility, parity, gender of newborn, gestational age and embryo culture period.
represented in SGA and LGA groups, while women with at least one previous delivery gave birth to heavier children (4.6% SGA and 17%
LGA babies, P ¼ 0.002 for SGA and P , 0.001 for LGA). Most interestingly, the length of embryo culture had a clear influence on the distribution of the SGA and LGA babies. Children born after Day 2 or 3 embryo transfer showed equal distributions of SGA and
LGA, but those born after blastocyst (D5 or D6) transfer had a distinct distribution pattern. The proportion of the SGA babies in the blastocyst group was ,3% and the proportion of the LGA babies (18.8%) was almost twice as high as the national reference (10%) and six times higher than the proportion of the SGA babies. Table III shows ORs and AORs for SGA and LGA babies accordingly. Babies born after D5 -6 transfers had significantly higher ORs for
LGA when compared with those born after D2 transfer (D2 LGA versus D5 -6 LGA,
To further analyze the effect of the embryo culture period on fetal growth, we tested the absolute and the gestation and gender-adjusted weights (SD scores) of the infants born. No significant differences were found in the absolute mean birthweights between babies born after cleavage stage (D2 and D3) or blastocyst stage (D5 and D6) transfers (one-way ANOVA, P ¼ 0.142; Table IV). However, using gestational age and gender-adjusted SD scores, a significant difference was found (one-way ANOVA, P ¼ 0.003). In pairwise comparison, the mean SD score for D5-6 babies was significantly higher than that of D2 SD score (P ¼ 0.004) or D3 (P ¼ 0.05, Table IV) babies. The SD scores between D2 and D3 infants showed no statistical difference (P ¼ 0.808). The mean SD score of the all babies was 20.021.
To verify and expand the statistical significance of the embryo culture period on fetal growth rate, we performed multiple linear regression analysis using birthweight as a dependent variable and mother's age, BMI, parity, main cause of infertility, method of fertilization, culture period and gender of the baby as explanatory variables. BMI and parity of the mother as well as gestational age and gender of the baby were all significant in explaining the deviations in birthweights (Table V) . Also in this analysis, the embryo culture period was highly significant independent factor determining the birthweight (P ¼ 0.007). On the contrary, the main cause of infertility, age of the mother or method of fertilization (IVF or ICSI) did not have a significant effect.
Discussion
It has been well established in many studies that the mean birthweight is lower and the incidence of SGA is higher among singleton IVF infants compared with spontaneously conceived children. The incidence of LGA among IVF babies has usually not been reported. In this study, the absolute mean birthweights did not differ between the study groups nor did they seem to deviate from the general population. However, when we analyzed the proportions of SGA and LGA babies using the gestation and gender-adjusted birthweights according to the age, BMI and parity of the mother, cause of infertility, method of fertilization (IVF or ICSI) and embryo culture period, we found an increase in LGA babies associated with mothers with high BMI and previous delivery, and most interestingly with a longer embryo culture period. Furthermore, multiple linear regression analysis showed that the length of the embryo culture was a strong and significant factor determining the gestation and gender-adjusted birthweight of the IVF babies.
Several recent studies have indicated that even in singleton pregnancies, IVF children have a slightly but significantly increased risk for adverse neonatal outcome. One of the main risks seems to be preterm birth, which in turn is associated with a low birthweight and need for neonatal intensive care. Reports on the incidence of SGA in assisted reproductive technique (ART) pregnancies have been controversial. In most studies, the proportion of SGA infants is increased compared with that in spontaneous conceptions (Helmerhorst et al., 2004; Jackson et al., 2004; Källen et al., 2005a,b; McDonald et al., 2009) . In a recent large register-based cohort study from Finland, the reference group consisting of more than 30 000 non-IVF births included 2.1% SGA babies (defined as less than 22SD) while Embryo culture induced fetal growth the IVF group (2942 births) had a significantly higher incidence of SGA, 3.1% (Pelkonen et al., 2010) . In another Swedish register-based study, a non-significant shift in SGA babies was seen from 2.4% (non-IVF references) to 3.2% (all IVF singletons including frozen embryo transfers) (Sazonova et al., 2011) . There are also studies showing no deviation in the proportions of either SGA or SGA and LGA babies (Fujii et al., 2010; Tomic and Tomic, 2011; Fernando et al., 2012) . The reason or reasons behind the reported adverse neonatal outcome after IVF are not clear. Some of the observed risks for poorer outcome are most likely derived from patient characteristics, including life-style factors, medical background and infertility per se (Basso and Baird, 2003; Jaques et al., 2010) , but factors connected to ART treatment itself, such as ovarian stimulation, laboratory procedures and embryo transfer strategies may be involved as well. Due to the heterogeneity of the patients and all the other factors involved in ART, establishing causalities is very difficult as demonstrated by two large register-based sibling studies with conflicting results (Romundstad et al., 2008; Henningsen et al., 2011) .
In our study, the gestational age and gender-adjusted birthweights (SD-scores) were just 0.02 SD units lower than the national figures, suggesting that there is no or very limited decrease in the weight of the babies born after IVF compared with national reference data. This emphasizes the importance of the adjustment of the birthweights when comparing birth characteristics between study groups. Furthermore, in our study, the distribution of SGA and LGA babies did not show any major deviation from national growth charts, indicating that weight-wise, children born after IVF in our clinic did not diverge from the general population. If SGA and LGA were defined as +2SD, both SGA and LGA proportions were, 2.4% matching with expected values (data not shown).
To our knowledge, this is the first time when human blastocyst culture has been shown to be linked with increased gestation and gender-adjusted birthweight of babies born after IVF. When we compared the adjusted birthweights of the infants transferred either on D2, D3 and D5/6, significant differences could be found. The mean SD score of the babies born after blastocyst transfer was significantly higher than that of babies born after cleavage stage transfer. Furthermore, the relative amount of LGA babies born after blastocyst transfer was almost twice as high as the expected value and significantly higher than the amount of LGA babies in D2 group. Also as the number of LGA babies increased, the number of SGA babies decreased among babies born after blastocyst transfer. The multiple regression analyses clearly showed that the time in culture had a significant and strong impact on birthweight (P ¼ 0.007; Table V) . Interestingly, in two recent Swedish registry-based studies, a somewhat parallel, although not statistically significant phenomenon could be observed as the proportion of SGA babies decreased from D2 transfer 3.2 to 2.5% in blastocyst transfers (Källen et al., 2010; Sazonova et al., 2011) . Unfortunately, in neither of these studies, the proportion of LGA infants was shown. Very recently, a large register-based study comparing perinatal outcomes after transfer of cleavage stage versus blastocyst stage embryos was published (Fernando et al., 2012) . No differences in the proportions of the SGA or LGA babies were found between the groups. A clear difference between our study and that by Fernando et al. is the embryo culture media used for culturing blastocysts. In our clinic, we have used a culture system by Medicult TM , while in the study by Fernando et al. (2012) , Cook Media TM system was used. This may be relevant since two recent studies have indicated that also in human IVF settings, culture media may affect the fetal growth rate (Dumoulin et al., 2010; Nelissen et al., 2012) . In addition, in the study by Fernando et al. (2012) , the embryos were grouped into two categories (Days 2-4 and Days 5-6) where the cleavage group (Days 2-4) contained up to 30% of morula and blastocyst stage embryos and no data regarding adjusted (or absolute) birthweights were shown of babies born after Day 2 and Days 5-6 transfers, the cohorts that showed the biggest difference in our study.
There is plenty of evidence in animal models that the embryo culture conditions can affect perinatal outcome and, for example, in ruminants, the composition of embryo culture media is of importance in inducing large offspring syndrome (Young et al., 1998) . Although very limited data are available in humans, embryo culture media have been shown to affect the birthweight of the newborn babies (Dumoulin et al., 2010; Nelissen et al., 2012) . While the actual mechanism of the effect is not clear, embryos undergo many crucial epigenetic modifications during the preimplantation period and, theoretically, any failure in those processes could have impact on fetal growth pattern (Chason et al., 2011) . Altered distribution of cells between trophectoderm and intracellular mass at the time of blastocyst formation might explain some of the features of LOS in ruminants as excess amount of cells allocated to trophectoderm could increase placental size, which in turn could increase fetal size (Leese et al., 1998; Walker et al., 2000) . Interestingly, also placental complications are more common in pregnancies with IVF background when compared with national reference groups (Thomson et al., 2005; Pelkonen et al., 2010; Sazonova et al., 2011) . One vulnerable point in early embryo development is the activation of embryonic genome which in humans occurs at or just before eight-cell stage. Whether it happens in in vitro or in vivo conditions is one potential growth affecting difference between D2 and D5/6 embryo transfers.
In our study, blastocyst transfers were not offered to any distinct group of patients. This is reflected by our results showing that neither the main cause of infertility nor the age of the mother had an impact on birthweights. However, we cannot fully rule out the possibility that patients having a blastocyst transfer might have had some other specific characteristic that could have had an effect on birthweights. The treatment of choice in our clinic is to perform a Day 2 embryo transfer. Day 5/6 transfers are commonly planned for patients who have had at least two unsuccessful Day 2 embryo transfers and who have at least five normally fertilized oocytes.
One limitation in our study was the lack of control of the duration of infertility. It has been shown that shorter duration of infertility may be associated with decreased perinatal risks (Källen et al., 2010) . Another significant factor determining intrauterine growth rate which we were not able to asses was smoking (Rogers, 2009) . However, the prevalence of smoking among pregnant Finnish women is relatively low, 15% (http://www.thl.fi/en_US/en_US/web/en/research/ statistics). In general, IVF patients are highly motivated to reduce any risks that may affect their chance to become pregnant or that would compromise the health of their child. In addition, there is no particular reason why patients with blastocyst transfer would smoke more or less than other patients. Because of insufficient perinatal data, we were not able to control additional factors known to affect pregnancy outcome such as pregnancy-induced hypertension, preeclampsia and gestational diabetes.
BMI and parity of the mother had an expected effect on the distribution of birthweight according to the gestational age (Table IV) . The proportion of LGA babies was higher in heavier and multiparous women. The connection between high pre-pregnancy maternal BMI and LGA has been established in several previous studies (Castro and Avina, 2002; Surkan et al., 2004; Ng et al., 2010) . At individual level, the exact mechanisms may be difficult to explain, but obesity modifies glucose, fatty acid and amino acid metabolisms and it also reduces insulin sensitivity, hence influencing various physiological pathways important for fetal growth (Nelson et al., 2010) . The parity of the mother is also a well-known factor to affect perinatal outcome. According to a recent meta-analysis, infants born to nulliparous women showed 280 g reduction in birthweights when compared with multiparous women (Shah, 2010) . In our study, the parity was also shown to have a significant influence on the birthweight. The connection between parity and birthweight is not fully understood, but both habitual, e.g. smoking and lifestyle, and physiological factors such as pre-eclampsia and younger age have been suggested (Shah, 2010) . Vanishing twins are known to negatively affect the growth of the sibling twin (Pinborg et al., 2007) . In our study, 14 early vanishing twin cases were included, but none of them resulted in low birthweight or SGA (data not shown).
In summary, we analyzed the birthweight in all IVF and ICSI singleton births after IVF treatments in our clinic between 2000 and 2010 according to the age, BMI and parity of the mother, main cause of infertility, method of fertilization, gestational age and the length of embryo culture. Our results suggest that the embryo culture period is linked to an increase in proportion of large for gestational age babies. The result warrants further investigations to evaluate if the present finding can be confirmed in larger register-based studies.
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